Abstract. Observations by the Galileo plasma wave receiver during the first two flybys of Ganymede revealed that this Jovian moon is the source of narrowband electromagnetic radio waves, making it the only satellite in the solar system known to generate non-thermal radio emissions. The emissions are the result of mode-coupling from electrostatic electron cyclotron emissions near the upper hybrid resonance frequency, similar to non-thermal continuum radiation found at the known magnetized planets.
Introduction
Of the planets with known intrinsic magnetic fields (Mercury, Earth, Jupiter, Saturn, Uranus, and Neptune), all except Mercury are sources of nonthermal radio emissions [c.f. Kaiser, 1989] . Mercury is likely also a source, but no radio astronomy investigation has ever visited this planet and there are no Earth-based observations of Hermean radio emissions. Heretofore, no satellite of any of the planets has been found to be a source of radio emissions, although the strong influence of Io in the production of decametric radiation at Jupiter [Bigg, 1964] is well known. Now, however, with the discovery of a magnetosphere associated with Ganymede [Gurnett et al., 1996; Kivelson et al., 1996] clear evidence for radio emissions emanating direcfiy from this magnetosphere has been found.
Radio emissions from planetary magnetospheres are currenfiy classified in three categories by the generation mechanism thought to be responsible for the various emissions. The most intense emission at each of the planets is thought to be generated by the cyclotron maser instability [Wu and Lee, 1979] near the electron cyclotron frequency in the high magnetic latitude region. Auroral kilometric radiation at the Earth [Gurnett, 1974] , Jovian decametric radiation, and Saturnian and Uranian kilometric radiation are all examples of this type of emission [Kaiser, 1989 ]. Neptune's higher frequency smooth and bursty emissions are also of this type [Zarka et al., 1995] . Generally speaking, there is either a demonstrable or suspected relationship between the cyclotron maser instability emissions and auroral processes in each of the planetary magnetospheres. The second type of emission is much less intense but just as Jones, 1988 ] and/or a nonlinear mechanism [c.f. ROnnmark, 1992]. These emissions are typically generated at greater distances from the planet than the cyclotron maser emissions (e.g. at the plasmapause, plasmasheet, or magnetopause) and, hence, are typically at lower frequencies. Especially at Earth and Jupiter a significant portion of the continuum spectrum is generated at frequencies below the surrounding solar wind plasma frequency and is therefore trapped within the magnetospheric cavity. Higher frequency components can escape the magnetosphere. The third known type of planetary radio emission is often called 2fp emission from the planetary bow shock [Gurnett, 1975] and is the result of nonlinear interactions of Langmuir waves in the electron foreshocks of planetary magnetospheres which produce weak electromagnetic emissions at twice the electron plasma frequency in the foreshock [c.f. Cairns, 1988 ].
The radio emissions discussed here are of the second category. We will show using wave observations from the first two Galileo flybys of Ganymede that these emissions are clearly generated in the magnetosphere of Ganymede, that their source is associated with intense upper hybrid resonance bands in the magnetosphere, and that they are very similar to the terrestrial escaping nonthermal continuum (myriametric) radiation and the narrowband electromagnetic radiation at Jupiter and Saturn.
The Galileo plasma wave instrument utilizes an electric dipole antenna mounted on the end of the 10.6-m magnetometer boom with a length of approximately 6.6 m tipto-tip. Search coil magnetometers covering the frequency range up to 160 kHz are also used, mounted on the high gain antenna feed. The plasma wave receiver consists of a 4-channel spectrum analyzer covering the range from 5.62 Hz to 31.1 Hz, a medium frequency receiver covering the range from 40 Hz to 160 kHz with 112 channels, and a high frequency receiver covering 100 kHz -5.6 MHz with 42 channels. In essence, these 158 channels can be thought of as a single sweep frequency receiver which accumulates a complete spectrum every 18.67 seconds. For a more detailed description of the instrument, see Gurnett et al. [1992] . Figures I and 2 show frequency-time spectrograms continuum radiation [Gurnett, 1975] , myriametric radiation summarizing the radio and plasma wave observations from the [Jones, 1988] 
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Conclusions
The discovery of the Ganymede magnetosphere is among the most dramatic of the Galileo mission to date. That this magnetosphere is the source of n0nthermal radio emissions is an example of the depth to which the magnetosphere of Ganymede encompasses the normal processes of planetary magnetospheres. Given the ubiquity of the continuum radiation at the known magnetized planets, it is not surprising to find such emissions. It is interesting, though, that the other, more intense magnetospheric emission is apparently not present. This is the cyclotron maser emission such as auroral kilometric radiation at Earth or the decametric and hectometric radiation at Jupiter. Given the large plasma densities measured near Ganymede in the vicinity of its magnetic pole, the reason tbr the lack of the cyclotron maser instability is most likely due to the lack of an auroral cavity, or regime where f•,/f• • 0.3 which is the criterion for X mode radiation at the Earth by this mechanism.
